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INTRODUCTION 


This  project  is  undertaken  to  determine  if  the  wear  rate  of  a  hydraulic  vane 
pump  can  be  correlated  to  its  operating  pressure.  The  correlation  should  be 
that  the  wear  rate  of  the  pump  would  be  a  linear  function  at  low  operating 
pressures  and  reach  an  exponential  function  of  the  pressure  at  some  elevated 
pressure.  According  to  MSOE  FPI  Report  #50423  dated  July  15,  1982  MERADCOM 
contract  #DAAK70-81-C-0002,  operating  the  pumps  at  test  pressures  of  115 
percent  of  rated  pressure  caused  normal  wear  of  the  pump. 

The  pumps  are  broken- in  using  two  different  methods  to  determine  if  the  wear 
rate  operating  pressure  characteristics  will  differ  for  pumps  that  are 
broken-in  at  3000  PSI  for  three  hours  compared  to  pumps  that  are  broken-in 
at  500  PSI  for  three  hours  prior  to  running  the  wear  rate  test. 

There  are  two  main  considerations  in  performing  the  wear  rate  test.  The 
first  is  to  dev^op  a  test  procedure.  The  test  procedure  consists  of  methods 
to  determine  We  wear  rate  of  the  pump  by  utilizing  on-hand  laboratory 
equipment  and /instrumentation.  The  other  consideration  is  to  determine  which 
types  of  oil  ^analysis  are  suited  to  this  project.  Several  methods  ^re 
investigated/ and  used  to  collect  wear  rate  data  through  analysis  of  the  pump's 
fluid.  / 


PROCEDURES  PRIOR  TO  WEAR  TESTING 


Six  hydraulic  fixed  displacement  vane  pumps  were  tested  in  this  program.  Pumps 
from  manufacturer  Ml  from  FPI  MSOE  report  #50423  dated  July  15,  1982  MERADCOM 
contract  #DAAK70-81-C-0002  were  chosen  for  this  test  because  they  experienced 
the  highest  amount  of  wear  in  the  endurance  and  durability  tests.  The  same 
model  pumps  were  used  as  in  the  previous  test. 

The  test  facility  and  instrumentation  used  to  conduct  the  break-in,  performance, 
and  wear  tests  were  the  same  as  used  in  the  vane  pump  test  program  FPI  MSOE 
Report  #50423.  A  description  of  the  test  facility  is  shown  in  Appendix  C 
of  this  report. 

Various  methods  of  oil  analysis  were  used  to  determine  the  wear  materials  from 
the  pumps.  Particle  counting  and  sizing  was  done  with  a  HIAC  PC  320  "Criterion" 
Particle  Size  Analyzer  and  associated  accessories  calibrated  in  accordance 
with  NFPA,  ANSI,  and  ISO  standards.  These  standards  were  also  observed  for 
providing  clean  sample  containers,  extracting  samples,  and  performing 
the  particle  counts.  The  gravimetric  analysis  procedure  is  described  in 
Appendix  D  of  this  report.  The  x-ray  emission  analysis  procedure  is  also 
described  in  Appendix  0  of  this  report.  The  ferrograms  were  performed  by  an  oil 
analysis  laboratory  of  the  US  Army  at  Corpus  Christi,  Texas  #SDSCC-QLS. 

Three  of  the  six  pumps  were  broken-in  in  accordance  with  the  universal  break-in 
procedure  and  performance  tested  in  accordance  with  NFPA  T3.9.17R1.  These 
procedures  are  described  in  Appendix  A  of  this  report. 

The  remaining  three  pumps  were  broken-in  using  the  following  procedure.  The 
pumps  were  run  at  manufacturer's  rated  speed  with  an  outlet  pressure  of  600 
PSI  for  three  hours  using  MIL-L-2104  grade  10  oil  with  160°F  inlet  temperature. 
The  following  parameters  were  recorded  at  five  minute  intervals;  inlet  and 
outlet  temperature,  inlet  and  outlet  pressure,  input  speed,  and  output  flow 
rate.  These  pumps  were  not  performance  tested  after  the  break-in  procedure. 

The  detailed  test  procedure  for  the  wear  rate  test  is  shown  in  Appendix  B 
of  this  report. 


SUW1ARIZE0  EFFICIENCIES  FOR  THE  THREE  HOUR  BREAK-IN  TEST 
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SUItlARIZED  OVERALL  EFFICIENCIES  AND  SIMPLE 
DISPLACEMENT  FOR  POWER  CONVERSION  TEST 


Tabulated  and  graphical  data  for  the  pcMer  conversion  test  are  given  in 
Appendix  F  of  this  report.  Definition  of  overall  efficiency  is  as  follows: 

Overall  Efficiency  =  Output  hp/Input  hp 
Output  Hp  =  (Adjusted  GW).(Target ^Sl.Dj 

Input  Hp  =  (Adjusted  RPM|(Adjusted  Torque) 


Pump  # 

Minimum 

Maximum 

Simple 

Overall 

Overall 

Displacement 

invrev. 

Efficiency  % 

Efficiency  % 

TABULATED  AND  GRAPHICAL  DATA  FROM  THE  WEAR  TEST  INVESTIGATION 
(Refer  to  Appendix  B  for  a  Detailed  Procedure) 
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INVESTIGATION  DATA  FOR  PUflP  #468 A 


Particles  per  millilitre  greater  than: 


WEAR  TEST  IIWESTIG/\TIOH  DATA  FOR  PUMP  #468B 
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Particles  per  millilitre  greater  than: 
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Particles  per  millilitre  greater  than: 


WEAR  TEST  0BSERVATI0t4S  AND  COUCLUSIOHS 


1.  Pumps  468A,  468P,  and  468C  were  broken  In  at  3000  ps1  while  pumps  4680, 

468E,  and  468F  were  broken  In  at  600  psi. 

2.  The  pumps  broken  In  at  3000  psi  experienced  a  greater  change  In  overall 
efficiency  than  the  ones  broken  at  600  psi. 

3.  The  pumps  broken  in  at  3000  psi  had  a  larger  change  in  volumetric 
efficiency  than  the  pumps  broken  In  at  600  psi. 

4.  There  was  a  minor  change  in  the  mechanical  efficiency  for  all  of  the  six 
pumps  with  the  exception  of  pump  4688  which  had  an  Increase  of  0.9%. 

5.  in  the  wear  test,  pump  468F  had  erroneous  data  up  to  3000  psi  due  to 
the  method  used  to  extract  the  samples  out  of  the  high  pressure  line. 
Therefore,  the  only  valid  data  would  be  from  3000  to  5000  psid.  The 
data  up  to  3000  psid  was  discarded  when  analyzing  the  data  from  the  wear 
test. 

6.  The  graphs  of  Particles  per  Milliliter  versus  Pump  Pressure  for  pumps  4688, 
468C,  4680,  and  468E  show  that  these  pumps  shed  a  smaller  amount  of  part¬ 
icles  from  1000  to  3000  psi  than  pump  468A. 

7.  Pump  468A  shed  a  larger  number  of  5  micron  particles  between  1000  and 
2000  psi  than  at  3000  psi.  The  particle  counts  at  10  and  20  microns  were 
very  low  for  this  pump.  At  pressures  from  3500  to  4900  psi,  the  particle 
counts  at  5,  10,  and  20  microns  were  less  than  80  particles  per  milliliter. 
The  overall  efficiency  of  this  pump  Increased  2.1%  over  the  four  hour  break 
in  period. 

8.  The  5  micron  particles  shed  by  pump  4688  ranged  from  30  to  120  particles 
per  milliliter.  The  larger  particles  (10  and  20  microns)  were  low  in  number. 
The  counts  ranged  from  10  to  38  particles  per  milliliter  at  10  microns  and 
from  3  to  12  particles  per  milliliter  at  20  microns.  The  overall  efficiency 
of  this  pump  decreased  3.6%  over  the  four  hour  break  in  period. 

9.  The  particles  shed  by  pump  468C  throughout  the  wear  test  were  very  low  in 
number  ranging  from  6  to  88  particles  per  milliliter  at  all  three  micron 
sizes.  The  overall  efficiency  of  this  pump  decreased  by  1.1%  over  the 
four  hour  break  in  period. 

10.  The  number  of  5  micron  particles  shed  by  pump  468D  drastically  Increased 
at  4000  psi.  The  number  of  particles  steadily  decreased  between  4000  and 
5000  psi  dropping  to  70  particles  per  milliliter  at  5  microns.  The  10 
micron  particles  ranged  from  10  to  52  particles  per  milliliter  and  the  20 
micron  particles  ranged  from  2  to  23  particles  per  milliliter.  The  over¬ 
all  efficiency  of  this  pump  decreased  only  0.4%  over  the  four  hour  break 
in  period. 
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n.  The  particles  shed  by  pump  468E  were  low  over  all  three  micron  sizes 
(5  urn,  10  urn,  and  20  urn)  throughout  the  test.  The  overall  efficiency 
only  decreased  .4%  over  the  4  hour  break-in  period.  This  pump  only 
ran  up  to  4,000  psid  due  to  test  stand  malfunctioning  and  causing 
test  pump  to  blow  its  shaft  seal. 

12.  Only  one  of  the  six  test  pumps  experienced  a  catastrophic  failure  (cracked 
cam  ring)  this  was  test  pump  468F.  Pump  468F  also  had  erroneous  data  up 
to  3000  psid,  also  the  pump  ran  up  to  5,000  psid.  The  only  time  the  data 
might  have  indicated  a  cam  ring  fatigue  was  around  3000  psid,  but  this 
would  be  hard  to  predict  because  the  cam  ring  fatigue  didn't  affect  the 
performance  of  the  test  pump. 

13.  As  can  be  seen  in  the  particles  per  millilitre  vs.  pump  pressure  graphs 
the  contamination  level  was  not  a  linear  function  nor  did  it  become  an 
exponential  function  at  the  contamination  levels  observed  in  this  wear 
test  (5  urn,  10  urn,  and  20  urn  particle  sizes  per  millilitre). 

14.  The  limitations  of  the  particle  counter  sensor  (the  smallest  size 
particles  that  it  could  detect  was  5  urn)  halted  our  correlation  with 
ferragraphic  analysis  because  most  of  the  wear  material  appeared  to  be 
less  than  5  urn  in  size.  This  same  reason  might  be  why  the  contamination 
level  measured  by  particle  counting,  was  not  a  linear  function  of  pressure. 

Since  all  pumps  showed  considerable  wear  at  the  end  of  the  test,  and  no 
significant,  repeatable  particle  counts  were  taken  during  the  test,  particle 
counters  (limited  to  5  urn  and  larger  (  do  not  appear  to  be  a  viable  measuring 
tool  for  dynamic  wear  observations. 

15.  X-Ray  Emission  Analysis  was  terminated  during  the  wear  test  program,  due  to 
problems  in  correlation  with  particle  counting  and  not  being  able  to 
determine  the  quantity  (PPM)  of  wear  metals  in  the  x-rayed  oil  samples  for 
the  various  elements  which  were  analyzed.  These  results  indicate  that  x-ray 
analysis  is  not  a  viable  approach  for  dynamic  wear  observations,  (refer 

to  Appendix  H) 

16.  On  line  gravimetric  analysis  (patch  pressure  drop)  was  discontinued  during 

test  because  the  flow  rate  through  the  patch  could  not  be  accurately  controlled. 
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17.  The  off-line  gravimetric  analysis  that  was  performed  on  a  selected  number 
of  outlet  samples  revealed  correlating  data  results  with  the  ferrographic 
analysis . 

18.  Weighing  of  the  pump  cartridge  before  and  after  pump  testing  should  be 
performed  in  order  to  determine  the  loss  in  mass  of  the  pump  cartridge. 


WEAR  TEST  RECOMMENDATIONS : 


1.  More  pumps  need  to  be  tested  in  the  3  hour  break-in  test  at  600  psi 
and  at  3000  psi  to  verify  if  any  great  differences  will  be  made  in  the 
wear  test  data. 

2.  If  particle  counting  will  continue  to  be  one  of  the  wear  particle 
analysis  methods,  then  investigation  should  be  done  to  come  up  with 
an  on  line  counter  which  would  count  from  5  urn  to  1  urn  or  smaller 
particle  sizes. 

3.  It  is  recommended  that  more  testing  be  conducted  to  correlate  dynamic  wear 
with  gravimetric  filter  patching  and  with  ferrographic  analysis. 
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APPEUUIX  A 


VANE  PUMP  BREAK-IN  PROCEDUftC. 


BREAK-IN  PROCEDURE  FOR  FIXED  DISPLACEMENT  VANE  PUMPS: 


468A.  468B.  468C 


1.  Install  the  test  pump  in  the  Break-in  and  Performance  test  circuit. 

2.  Bring  system  temperature  up  to  120®F  and  verify  system  contamination  level 
to  be  less  than  100  particles  per  millilitre  greater  than  ten  microns. 

3.  Start  the  test  pump  and  increase  speed  to  manufacturers  rated  in  less  than 
one  minute  with  the  outlet  pressure  less  than  250  psi. 

4.  Load  the  pump  at  the  following  pressure  increments  and  time  intervals. 

Set  speed  intitially  at  manufacturers  rated  speed  and  minimun  pressure  which 
is  less  than  250  psi.  Do  not  readjust  the  speed  at  each  load  pressure. 

Minimum  pressure  for  2  minutes 

25%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

50%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

75%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

100%  of  continuous  rated  pressure  for  2  minutes 

Minimum  pressure  for  2  minutes 

At  each  data  point,  record  inlet  and  outlet  pressures  and  temperatures,  input 
speed  and  torque  and  output  flowrate. 

5.  Run  the  pump  for  three  hours  at  maximum  rated  speed  and  maximum  continuous 
rated  outlet  pressure.  Record  inlet  and  outlet  temperatures  and  pressures, 
input  speed  and  torque,  and  output  flowrate  every  five  minutes  to  determine 
changes  in  overall  efficiency. 

6.  At  test  completion,  take  an  oil  sample  and  verify  that  the  contamination  level 
is  less  than  100  particles  per  ii...,ilitre  greater  than  10  microns. 


VANE  PUMP  BREAK-IN  PROCEDURE  FOR; 
468D.  468E,  468F 


The  remaining  three  pumps  were  broken-in  using  the  following  procedure.  The 
pumps  were  run  at  manufacturer's  rated  speed  with  an  outlet  pressure  of  600 
psi  for  three  hours  using  MIL2104C  grade  10  oil  with  160“F  inlet  temperature. 
The  following  parameters  were  recorded  at  five  minute  Intervals;  inlet  and 
outlet  temperature,  inlet  and  outlet  pressure,  outlet  flowrate,  pump  speed 
(rpm)  and  input  torque. 


APPENDIX  B 


Detailed  Wear  Rate  Test  Procedure 


PUMP  WEAR  INVESTIGATION 


1.0  SCOPE.  To  provide  a  method  for  determining  the  wear  rate  and  wear 
transition  pressure  of  a  fixed  displacement  fluid  power  pump. 

2.0  PURPOSE.  To  determine  the  wear  rate  versus  operating  pressure  of 
a  fixed  displacement  fluid  power  pump. 

3.0  UEFINITION 

3.1  Wear  Transition  Pressure.  The  operating  pressure  range  at  which  the 
pump  wear-rate-versus-pressure  curve  changes  from  linear  to  logarithmic. 

4.0  PROCEDURE 

4.1  Measure  and  report  the  initial  pump  overall  efficiency  in  accordance 
with  NFPA/T3.917R1 ,  except  the  thermal  instability  point  of  the  pump  shall 
not  be  exceeded. 

4.2  Test  Conditions.  Install  the  pump  in  the  test  system  and  operate  under 
the  -following  condi ti ons . 

Test  Oil.  All  tests  shall  be  conducted  using  oil,  lubricating,  MIL-L-2104, 
grade  10  or  fluids  conforming  to  SAE  J743,  except  water  content  shall 
not  exceed  0.05  percent. 

4.2.2  Filtration.  The  control  filter  shall  limit  the  total  number  of 
particles  in  the  test  fluid  at  the  pump  inlet  to  no  more  than  200 
particles  per  milliliter  greater  than  10  micron. 

4.2.3  Wear  Additives.  The  wear  additive  package  of  the  test  oil  shall  be 
monitored.  Tn  the  event  the  wear  additive  content  of  the  test  oil 
changes  by  20  percent,  the  wear  additives  will  be  brought  back  to  the 
original  level. 

4.2.4  Intrumentation  and  Test  Parameter  Accuracy.  Instrumentation  and  test 
parameter  accuracy  must  be  maintained  within  the  limits  set  forth  in 
ANSI  893.27. 

4.2.5  Inlet  Pressure.  The  pump  inlet  oil  pressure  at  the  inlet  fitting  will 
be  maintained  at  a  level  that  will  assure  proper  filling  of  the  pump  and 

this  level  shall  be  maintained  within  1  in.  Hg  of  atmospheric  pressure  through¬ 
out  the  test. 

4.2.6  Aeration.  The  inlet  oil  must  be  visually  free  of  entrained  air  throughout 
testing. 

4.2.7  Speed .  Test  speeds  will  be  as  close  to  pump  manufacturers'  rated 
values  as  is  practical. 
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4.2.8  Temperature.  The  pump  inlet  oil  temperature  shall  be  maintained  at 
a  level  that  v/ill  assure  an  oil  viscosity  that  is  within  the  range 
of  the  pump  manufacturer's  minimun  viscosity  plus  10  SUS. 

4.3  Test  Procedure. 

4.3.1  Break-in  the  pump  either  in  accordance  with  the  pump  manufacturer's 
recommendations  or  in  accordance  with  a  standard  break-in  procedure. 

4.3.2  Operate  the  pump  for  one  (1)  hour  at  1200  psi  and  determine  the 
wear  rate  by  particle  counting,  gravimetric  wear  content,  silt  rate, 
or  spectagraphic  analysis. 

4.3.3  Repeat  step  4.3.2  with  200  psi  incremental  increases  in  pressure 
until  the  pimp  fails. 

4.3.4  Repeat  steps  4.3.2  and  4.3.3  on  each  of  the  remaining  five  (5)  pumps 
except  initiate  each  pump  test  at  200  psi  higher  increments. 

4.3.5  Determine  the  volumetric  efficiency  at  each  pressure  level  except  for 
the  final  pressure  level. 

5.0  EVALUATION.  After  completing  the  above  tests,  dissassemble  and  examine 
the  pumps. 

6.0  Prepare  a  test  report  with  8  X  10  B/W  photos  of  each  tested  pump.  The 
report  shall  include  the  detailed  test  procedures,  a  pressure  versus 
wear  rate  curve  for  each  pump,  a  pressure  versus  efficiency  curve  for 
each  pump  and  an  analysis  of  each  pump  failure. 
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MODIFICATION  TO  TEST  PROCEDURE 
(Reference  Paragraph  4.3) 


Pump  #468F  was  tested  first  using  the  test  procedure  stated  on  the  previous 
page  with  the  circuitry  in  figure  A.  A  few  problems  were  developed  while 
conducting  wear  test  investigations  on  this  pump.  First,  the  time  for  the 
contamination  level  to  stabilize  was  longer  than  expected.  Next,  problems 
occurred  with  the  Fairey  Arlon  high  pressure  sample  tap  in  which  it  was 
acting  like  a  filter  at  pressures  near  3000  psi  and  givino  bad  data.  To 
solve  the  problem  with  the  Fairey  Arlon  valve  (Model  #201)  we  removed  it 
from  the  circuit  and  placed  50  ft.  of  1/8"  by  .030"  wall  capillary  tubing. 
X-Ray  Emission  Analysis  was  performed  on  the  oil  samples  from  Pump  #468F 
but  discontinued  due  to  a  correlation  problem  between  particle  counting 
and  coming  up  with  a  quantity  count  from  the  X-Ray  data.  Another  factor 
in  discontinuing  the  X-Ray  Analysis  was  funds  set  aside  in  the  contract  had 
depleted. 

On  the  remaining  pumps  the  pressure  increments  were  increased  to  400  psi, 
instead  of  200  psi;  it  still  required  2  hours  of  running  at  each  pressure 
interval  starting  at  1200  psi  and  going  up  to  4800  psi.  On  line  high  pressure 
filter  patch  test  was  performed  at  each  of  the  above  pressure  intervals 
for  pumps  468F,  468A,  4688,  and  then  discontinued.  On  line  high  pressure 
filter  patch  test  was  discontinued  because  it  can  be  done  off  line  in  a  more 
controlled  manner. 

The  remaining  pumps  were  tested  using  figure  B  of  this  section,  continuing 
with  Particle  Counting  and  performing  gravimetric  filter  patch  analysis  on 
selected  samples  from  each  pump.  Graphs  of  Particle  Counting  VS  Pressure 
were  plotted  for  each  test  pump. 
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HYDRAULIC  POWER  SUPPLY 


FPI  150  HP  Variable  Volume  Hydraulic  Supply 


Shown  is  reservoir,  control  panel,  electric  drive  motor,  variable 
displacement  hydraulic  pump  and  electric  servo  control  on  top  of 
pump.  This  system  was  used  along  with  a  hyraulic  motor  to  drive 
the  test  pump. 


FLUID  CONDITIONING  SYSTEM 


Fluid  conditioning  system  consisting 
of  reservoir  with  conically  shaped 
bottom,  filter  strainer,  heat 
exchanger,  and  electric  heater. 


Plumbing  and  various  valves  used 
to  control  the  direction  of  flow 
in  the  system.  In  lower  right 
hand  corner  is  a  centrifugal  pump 
used  to  supercharge  the  test  pump 
and  move  fluid  throught  the 
conditioning  circuit. 
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TEST  CIRCUIT  AND  COMPONENTS 


INSTRUt€HTATIOH 


The  instrumentation,  calibration  methods  and  procedures  used  in  this  contract, 
can  be  referenced  to  Part  2,  of  report  number  50560,  contract  DAAK70-77-C-0214, 
dated  November  12,  1979.  The  traceabi I ity  statement  for  measurement  of  flow, 
pressure,  and  temperature  are  also  found  in  Part  2  of  the  above  mentioned  report. 


TEST  INSTRUMENTATION 


Data  Acquisition  System  (DAS)  and  Supporting  Instrumentation. 

DAS  is  mounted  in  black  cabinet  with  all  connections  in  front.  Torque 
shaft  amplifier,  Pace  and  Viatran  pressure  transducer  power  supplies 
and  frequency  counter  used  to  monitor  test  pump  RPM.  Also  shown  are 
two  frequency  to  voltage  converters,  and  control  box  for  150  HP  supply. 


Sample  Tap 


break-in  and  perfowwice  test  circuit 


APPENDIX  D 

Detailed  X-Ray  Analysis  and  Gravimetric 
Filter  Patch  Analysis  Procedures 


X-RAY  FLUORESCENCE  ANALYSIS 


The  x-ray  fluorescence  technique  Involves  bombarding  a  sample  with  x-rays, 
thereby  exciting  the  atoms  present  in  the  sample.  The  scattered  x-rays  include 
fluorescent  x-rays  from  the  excited  atoms  in  the  sample.  Shown  is  a  block  of 
a  typical  emission  system. 


I0k-£0K  eV 


WAVELEN6TH  PEAKS 


Si  (u) 

DETECTOR 


MCA 

multichannel 

ANALYZER 


These  fluorescent  x-rays  are  sorted  into  various  energy  groups  and  displayed  on 
the  CRT  of  the  (MCA)  multi-channel  analyzer.  This  screen  can  be  precalibrated 
and  through  the  use  of  a  moveable  cursor,  the  various  wavelength  peaks  can  be 
determined  and  identified.  The  spectrometer  can  be  operated  in  an  air  path  for 
all  elements  above  Ar,  but  requires  a  vacuum  or  helium  flush  for  the  light 
elements.  With  a  vacuum  Si-Al-Mg,  are  about  the  lowest  group  of  elements  that 
one  can  easily  detect. 

From  time  to  time  we  have  had  a  need  to  look  at  metal  particles  in  oil  samples. 

One  can  also  follow  certain  normal  oil  additives  like  S  and  Zn  for  build-up  or 
fall  off  with  some  process.  One  can  look  at  filter  patch  samples  or  directly 
at  oil  samples  themselves.  For  very  small  sample  amounts  present,  there  is  the 
problem  of  a  signal  to  noise  recovery  of  the  sample.  A  fair  amount  of  time  has 
to  go  into  "set-up".  There  are  instruments  that  have  attached  microscopes  that  can 
allow  one  to  focus  down  on  a  particular  particle  and  do  emission  analysis  on  that 
particle  or  even  on  some  small  part  of  the  particle.  Our  instrument  is  not  oT 
this  type;  we  need  to  look  at  fluorescent  x-rays  from  a  fairly  large  region  compared 
to  the  size  of  a  single  particle.  This  "large  region"  always  involves  other 


things  like  oil,  filler  patch,  etc..  These  "other  things"  that  are  present  add  to 
what  we  would  call  our  noise.  In  the  event  that  the  amount  of  sample  present  is 
very  small,  the  background  may  give  many  more  counts  than  the  sample,  and  the 
sample  x-rays  are  more  or  less  lost  in  the  statistical  randomness  of  the  background. 
One  can  play  various  games  to  reduce  the  background  noise,  like  electronically 
subtracting  the  background  if  one  can  reproduce  the  background  minus  the  sample 
on  a  separate  sample  holder.  Various  methods  of  sample  preparation  might  be 
employed  to  i educe  background  noise. 


X-RAY  EMISSION  ANALYSIS  OF  OIL  SAMPLES 


For  the  period  of  January  to  April  1983,  we  took  x-ray  emission  data  from 
a  number  of  liquid  oil  and  filter  patch  samples  for  the  MSOE  Fluid  Power 
Institute.  In  the  Institute's  laboratory,  a  pump  was  driven  to  higher  and 
higher  pressures  until  it  was  to  fail.  Our  plan  was  to  follow  the  break-up 
of  the  pump,  as  failure  occured,  with  an  elemental  x-ray  emission  analysis. 

Data  was  recorded  for  a  period  of  time,  but  the  emission  analysis  portion  of 
the  test  was  terminated  by  the  MSOE  Fluid  Power  Institute  prior  to  pump  failure. 
Brian  Batley,  a  technician  at  MSOE  assisted  with  the  data  collection.  No  trends 
(changing  concentrations  of  elements)  were  noted. 


GRAVIIIETRIC  FILTER  PATa<  USIHG  AHALYTICAL  BALANCE 

1.  Determine  initial  mass  of  filter  patch  (0.45  micron  Millipore  filter  patches 
were  used). 

2.  Agitate  oil  samples  in  paint  shaker  for  ten  minutes. 

3.  Use  Millipore  filter  patch  apparatus  cleaned  in  accordance  with  sample 
container  method.  NFPA/T2.9.2f4-1972. 

4.  Deairate  oil  sample. 

5.  Rinse  patch  with  filter  agitene,  place  on  filter  base,  and  attatch  funnel. 

6.  Place  25  ml.  filtered  agitene  in  funnel,  add  measured  amount  of  oil, 
add  50  ml.  filtered  freon,  and  stir  mixture. 

7.  Apply  vacuum  to  filtering  apparatus. 

8.  Rinse  sides  of  funnel  to  wash  down  any  residual  oil. 

9.  Allow  vacuum  to  operate  until  patch  appears  dry. 

10.  Transfer  patch  to  a  clean  petri  disk. 

11.  Place  in  125°F  oven  for  12  hours  to  remove  any  moisture  from  the  patch. 

12.  Use  analytical  balance  to  determine  the  final  mass  of  the  patch. 


APPENDIX  E 

TABULATED  AND  GRAPHICAL  DATA  FROM  BREAK-IN  TEST 
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THE  flUERRGE  FLOW  IS:  25.3663  GPM 
THE  RUERRGE  SPEED  IS:  2765.39  RPM 
THE  R'JERf=«jE  TORQLe  IS:  1427.63  IH-LB 
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THREE  HOUR  PERFORMfiHCE  TEST 
COHTIHUflTlOM  FOR  PUMP  M 1463 A 


THE  flUERRGE  DIFFERENT I RL  PRESSURE  IS:  2999.53 


THE  STRHDRRD  DEUIRTION  OF  THE: 

MERSUREI'  FLOUI  IS:  2.78769  GPM 
MERSURED  SPEED  IS:  6.47407  RPM 
MERSURED  TORQUE  IS:  37.5351  IH-LB 
DIFFEREMTIRL  PRESSURE  IS:  51.7331  PSID 


THE  MRX.  OUER  RLL  EFFICIENCV  IS:  75.4913 
THE  MIN.  OUER  RLL  EFFICIENCV  IS:  63.4222 
THE  RUERRGE  OUER  RLL  EFFICIENCV  IS:  72.2429 

THE  MRK.  UOLUMETRIC  EFFICIENCV  IS:  82.0659 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS  67,7006 
THE  RUERRGE  UOLUMETERIC  EFFICIENCV  IS  77.9925 

THE  MRK.  MECHRNICRL  EFFICIENCV  IS  93.952 
THE  MIN,  MECHRNICRL  EFFICIENCV  IS  91.9743 
THE  Ri'ERRGE  MECHRNICRL  EFFICIENCV  IS  92.6234 
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THE  RUERRGE  FLOW  ISs  25.275  GPM 
THE  RUERRGE  SPEED  IS:  2713.65  RPM 
THE  RUERRGE  TORQUE  IS:  1413.33  IN-LB 


THREE  HOUR  PERFORMRNCE  TEST 
COHTIHUflTIOH  FOR  PUMP  Ml 468 3 


THE  flUERflGE  DIFFERENT I HL  PRESSURE  IS:  2992.56 


THE  STRNDRRD  DE'.'IfiTIOH  OF  THE: 


MERSURED  FLOW  IS:  1.3164  GPM 
MERSURED  SPEED  IS:  9.78195  RPM 
MERSURED  TORQUE  IS:  15.0104  IH-LB 
DIFFERENT I RL  PRESSURE  IS:  25.6603  PS ID 


THE  MR^:.  OUER  RLL  EFFICIENCV  IS:  75.6924 
THE  MIN.  OUER  RLL  EFFICIENCV  IS:  70.9252 
THE  RUEPRGE  OUER  RLL  EFFICIENCV  IS:  72.5128 

THE  MR:l  i..m:(LUMETRIC  EFFICIENCV  IS:  81.5629 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS  75.9934 
THE  R'lERRGE  'VOLUMETER I C  EFFICIENCV  IS  77.6746 

THE  MRK.  MECHRNICRL  EFFICIENCV  IS  93.802 
THE  MIN.  MECHRNICRL  EFFICIENCV  IS  92.6352 
THE  Rt.CRRGE  MECHRNTCRL  EFFICIENCV  IS  93.3434 
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7r.,99 

(9.97 

74.(9 

(9,73 

7r..r.4 

Cl.  77 

73,  TT. 

(9,03 

73.74 

Cl. 9!) 

73.99 

(9.C? 

73..  7(. 

Cl.  19 

73,74 

Cl.  91 

73.77 

Cl.  19 

73.,  7(. 

Cl. 91 

73,79 

Cl.l? 

73.,  1? 

(9.% 

73.,  31 

Cl, PC 

73.14 

(9,07 

73.1? 

(9,93 

73.19 

(9,(f. 

73.97 

(9.(9 

73..;'!) 

(9.(11 

73.73 

(9,f!4 

73.13 

(9,(9 

73.17 

(9.P9 

73.17 

(9.% 

74.(9 

(9.fs3 

73. 9(. 

(9.(5 

THE  BUERFIGE  FLOW  IS:  26.4957  GPM 
THE  BUERBGE  SPEED  IS:  2725.44  RPM 
THE  BUERBGE  TORQUE  IS:  1426.61'  IN-LB 


>rf«  rrr 

(V.) 

rjAA 

rAW. 

r/.iA 
93,fij 
9?,  9! 

9?.f!9 

Ta7j 

Taw 

9?,f» 

9?,W 

W.'-JT. 

9J,W 

W.Tf: 

9?,7f. 

97.f3 


THREE  HOUR  PERFORMRNCE  TEST 
COHTIHURTIOH  FOR  PUrP  Ml 4680 


THE  RUERFlGE  DIFFERENT  I RL  PRESSURE  IS:  3003.46  PS  ID 


THE  STRNDRRD  DEUIRT I OH  OF  THE: 


MERSURED  FLOW  IS:  .216775  GPM 
MERSURED  SPEED  IS:  15.0525  RPM 
MERSURED  TORQUE  IS:  6.16633  IN-LB 
DIFFERENT IRL  PRESSURE  IS:  5.85274  PSID 


THE  NR';.  OUER  RLL  EFFICIENCV  IS:  76.1935 
THE  MIN.  OUER  RLL  EFFICIENC-.^  IS:  74.8032 
THE  RUERRGE  OUER  ALL  EFFICIENCV  IS:  75.2592 

THE  MR:«:.  UOLUMETRIC  EFFICIEfCtV  IS:  82.233 
THE  MIH,  UOLUMETRIC  EFFICIENCV  IS  80.6239 
THE  fl'.iERRGE  UOLUMETERIC  EFFICIENCV  IS  81.0724 

THE  MRX.  MECHRNICRL  EFFICIENCV  IS  93.0501 
THE  MIN.  MECHRHTCRL  EFFICIENCV  IS  92.5215 
THE  RUERRGE  MECHRNICRL  EFFICIENCV  IS  92.8148 
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THREE  HOUR  PERFORMftNCE  TEST 
PUMP  HUMBER  M146S0RUH  AT  RATED  PRESSURE  AMD  SPEED 


Tid 

MTin 

Pirr  rirrp. 

WH 

ird(r:i 

P.W 

KsX,  !P 

af^.% 

'u7,7P 

JP.ffi 

W.ft! 

h'P/fp 

m.?t 

Tfi.PP 

m.T'. 

c.n.p? 

'IP.flfi 

.irf:.7P 

(.11. )i 

m.m 

m.% 

rfi.w 

I'lp.'iP 

rKl/f; 

r<T7,i'.p 

Ks7,.7fi 

rff.r.j 

)P,3fi 

roi'..(c. 

?p,pp 

h'.J.W 

ripp,.77 

Kfi.'lP 

fP.PP 

r-P7,r.) 

rfijp 

'M/?: 

jwj'p 

r<p.i.f)p 

JW.Pfi 

ir^TP 

)P,7P 

tIP.W 

1f.7..PP 

rfr.Tf. 

yxiM 

It'.'', -IP 

!  ?<!/<■! 

If.LPP 

rfi4,7j 

)7P,(W 

K.J.PP 

r«i,7P 

KP/ip 

r«:,77 

KP.PP 

m.Tft 

irp,pfi 

m.ya 

im.TP 

ripj.-wi  - 

K/.,T. 

W:,W 

r«i.7? 

JTP.PP 

rfi.fip 

irLPT 

r«w.P7 

jrfi,7P 

rw.(.7 

Tf(j«r 

onmi 

nw 

min 

wn 

(TH 

774.f¥i 

?f^.7.PP 

3P.rfi 

7X.,-1P 

7f.X.PP 

3fi.40 

TTf-.-IP 

7f.04.Pfi 

3fi.rfi 

37r.,f# 

?f.Of!.» 

3P.4n 

X?1'.,'1P 

X.97.Pfi 

3P.4f. 

7f.fif..Pfi 

3fi.44 

737, ?p 

7f.0n.fifi 

3fi.<14 

?f.5f:.Pfi 

3fi.44 

337, ftp 

?7«7.Pfi 

3fi.<l7 

3?n.7P 

7?fi?.Pfi 

3P.rfi 

3;7,fjp 

77fifi.Pfi 

3fi.K> 

3jr.,4e 

77PP.Pfi 

3fi.:;T 

77fi3.Pfi 

».» 

3?r..ne 

77fi4.Pfi 

3fi.W 

3?(..?P 

TTW.fifi 

3P.r.j 

377,Pfi 

77R3.Pfi 

3fi.W 

TJP.-IP 

77Pr..efi 

3fi.r3 

33P.(« 

TTW.Pfi 

3fi.r.j 

3^;,f« 

77Pf..0fi 

3fi.ffi 

33P,ffl 

77Pr..PB 

3P.r.j 

377. IP 

?7«7.P0 

3fi.r.j 

377.'iP 

77fif..Pfi 

3fi.r.j 

377.«< 

TTW.fifi 

3P,r.j 

3;‘r..Pfi 

77W.Pfi 

3P.?? 

377.# 

77P7.PB 

3P.rf 

37(..7p 

TTW.fifi 

3fi.4r. 

377.ffi 

77fif..Pfi 

3fi.T. 

3?rv?P 

TTW.Pfi 

3fi.r.j 

37n.np 

TTfifvPfi 

3fi.r4 

37f!.np 

77fif..0fi 

3B.r? 

370. » 

TTW.Pfi 

3fi.r7 

370.  np 

TTPB.Pfi 

3fi.7; 

33P.fJP 

TTW.fifi 

3fi.rf. 

3J0.7P 

TTPB.Pfi 

3fi.W 

379.f-P 

T7P7,Pfi 

».r4 

33P,?P 

TTPP.Pfi 

3fi.(3 

337. -IP 

T7Pn.Pfi 

3fi.W 

rtR  ni 

un  nr 

dfllITT 

rrF(« 

a) 

('/,) 

7r..TJ 

04.31 

70.74 

Tr..fi7 

04.3fi 

7f;,r« 

7r..)fi 

04,41 

79,03. 

7T..43 

04,71 

np.ff. 

7r..4fi 

W.19 

nfi.P3 

7r..Tfi 

04,10 

TO.fT. 

7r..B3 

04,lfi 

TTJ.T? 

?4.f!T 

04.P0 

7T;.r.l 

Tn.in 

04.fi3 

79.04 

74.73 

04,13 

79,3f: 

74.30 

W.Tf. 

7n.9fi 

74,09 

04,10 

TO.f^ 

7r..T9 

W.ll 

TO.Of; 

74,70 

04.19 

7T!.3f! 

7r.,Pf! 

W.ll 

70,77 

7f..fiT 

04,77 

TTi.ffi 

74.  Tf. 

04.17 

Tn.ff! 

74.3f. 

04,lfi 

TO.ftI 

74.7J 

04,W 

70.43 

74.?f. 

04,fi7 

7f:.03 

74.73 

W.IO 

7T!,34 

74.40 

04.fi? 

TTj.?! 

74.rf. 

04.11 

70.71 

74,7J 

04.fi9 

70.30 

74.f.T 

04.14 

70.70 

74.3fi 

04.fil 

70.fi? 

74.(fi 

04.14 

7^J,?3 

74.43 

04.10 

70,00 

74.r4l 

04.17 

70.73 

74.00 

04,fi0 

70.07 

74.03 

04.1? 

TO.ffi 

74.17 

04.fi0 

7n.n? 

74.34 

04.73 

70.07 

74.07 

04.10 

7o,?n 

74.r.J 

04.1fi 

70,  in 

74.0fi 

04.13 

70,40 

74.0fi 

04,W 

70.03 

THE  AUERAGE  FLO!..l  IS:  30.5116  GPM 
THE  AiTERAGE  SPEED  IS*.  2702.89  RPM 
THE  A'.JERAGE  TORQUE  IS:  330.184  IN-LB 


THREE  HOUR  PERFORMftNCE  TEST 
COHTIHURTIOM  FOR  PUMP  Ml 468 1) 


THE  Ri.iERRGE  DIFFERENT  I RL  PRESSURE  IS:  594.757  PS  ID 


THE  STRHDRRD  DEUIRTIOH  OF  THE: 

MERSURED  FLOW  IS:  .0372964  GPM 
MERSUPED  SPEED  IS:  9.99567  RPM 
MERSURED  TORQUE  IS:  10.5606  IN-LB 
DIFFERENT I RL  PRESSURE  IS:  22.7023  PS ID 


THE  MRK.  OUER  ALL  EFFICIENCV  IS:  75.4316 
THE  MIN.  OUER  RLL  EFFICIENCV  IS:  74.169 
THE  flUERRGE  OUER  ALL  EFFICIB'ICV  IS:  74.7677 

THE  MR?;.  UOUJMETRIC  EFFICIE^4CV  IS:  94.4105 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS  94.0058 
THE  AUER AGE  UOLUMETERIC  EFFICIENCV  IS  94. 1388 

THE  MAX.  MECHANICAL  EFFICIENCV  IS  80.0503 
THE  MIN.  MECHANICAL  EFFICIENCV  IS  78.8211 
THE  RUERRGE  MECHANICAL  EFFICIENCV  IS  79.4098 


THREE  HOUR  PERFORMRNCE  TEST 


PUMP  HUMBER  M1463  £RUN  RT  RRTED  PRESSURE  RHD  SPEED 


TW 

rtmn 

Dirr  rrr.T. 

TffMr 

.Tm) 

nni 

fMTRni 

urt  rrr 

irnirTT 

7nr<r^ 

miR 

RTW 

fftt 

rrT(w 

CO 

CO 

If.l.W 

r«-Mfi 

TM.fifi 

7764.66 

76,67 

73,6? 

53.65 

76.(f; 

r.,fr/ 

irfi.ffl 

Ti7.77 

73J.fifi 

7761.66 

76,75 

73.  ?6 

53.66 

75.6f: 

jra?P 

T7.fi7 

731. T 

7766,66 

76.77 

74.54 

53.67 

76.63 

jri.flfi 

irfi.fifi 

rf?;,.?fi 

37fi.4fi 

7(.67.66 

76.7f. 

74,61 

53.1? 

76.(3 

mffi 

irfj.tv 

TJ/!^ 

77fi.?fi 

7766.66 

76.75 

73. 1(. 

53.65 

7(J.67 

jrifj.Tfi 

Tfl.T? 

73fi.P<l 

7766,66 

76.75 

74.61 

53.11 

76.6/1 

7fi.fi? 

jw.rfi 

TJ,?7 

775.T 

7(.69.P6 

76.73 

73. 1(. 

53.66 

75.16 

7r..fip 

Kfi.?P 

T7,4f. 

7?7,?fi 

7767.66 

76.7P. 

73.71 

53.61 

75,13 

<fi,fifi 

K'fi.'lfi 

3?7.f41 

7761.66 

76,77 

73.66 

54.(5 

75,6f. 

Kfi.7fi 

rflfi,fri 

3?P..f4» 

77617.66 

76.76 

73.  ?5 

53.66 

75,?4 

rfi.fi? 

JiM.Tfi 

Tfi,a. 

3?7.flfi 

7763.66 

76.7r. 

73.74 

54.51 

75.7(. 

rr.,fifi 

KJ,?fi 

TlJ.fil 

377.fifi 

7761,66 

76,73 

73,41 

54,53 

75,41 

ffi,fifi 

KJ>.?P 

TP..  47 

3?f..?fi 

7764.66 

76.76 

73.  T 

54,5? 

75,37 

iT>.fi? 

W.Tfi 

Tfi.T 

7?f.,fifi 

7767.66 

76.77 

73,37 

54,61 

7(;,(3 

^,p? 

IQM 

rw,74 

777.46 

7767.66 

76.77 

73,?(. 

54,(3 

7(;.7(. 

lfC>.";fi 

r<s,f!7 

TTfi.fifi 

7764.66 

76,77 

74.74 

54.77 

76,63 

fifi.flfi 

h'.J.JIfi 

Tl.T 

TTR.fifi 

7767.66 

76.71 

73. 1(. 

54,76 

75.76 

fTi.fi? 

ir^l.Tfi 

TJ.T 

77fi.T 

7763.66 

76.(6 

74.(7 

54,  T 

76,57 

')fi.R? 

T4,W 

776.76 

7764.66 

76.71 

73,71 

54.7? 

75.5? 

jr.?.<!fi 

Tfi.F; 

776.46 

7764,66 

76,77 

74.(.1 

54,77 

76.73 

Ififi.fifi 

TI.Tf. 

776.46 

7763.66 

76,71 

74.57 

54,(6 

75;.  13 

)fr.,pp 

iry.TP 

T9,73 

777.W 

7767.66 

76.74 

73.(3 

54,  (K, 

75,7? 

1Jfi.fi? 

irr.fie 

r;!J7,fi4 

777.66 

7763.66 

76,77 

73,37 

54,77 

75.  IT. 

jjr..fi? 

IT.,  IP 

T?,ir. 

776.f6 

7764.66 

76,74 

74.t7 

54.(6 

76,5(. 

ITfi.fifi 

JT.4fi 

T^;.fi7 

776,66 

7767.66 

76,76 

74.(4 

54,71 

76.66 

i?r..fe 

lT..7fi 

rf!7.47. 

777.66 

77fi(..66 

76,73 

74,31 

54.77 

76,(J 

JTfi.P? 

JT,;^^ 

Tl.Tfi 

776.76 

7767,66 

76,74 

73,13 

W.6? 

75.74 

J7r..fi7 

jffl,fip 

Tf.f7 

771. fi6 

7764.66 

76,77 

74.77 

54.77 

76,67 

MP.fifi 

iffi.ifi 

Tl.Tf. 

776,66 

7763.66 

76,71 

74.63 

54.(6 

75,flf. 

J4r>,fi? 

w-i.rjfi 

T9.r!7 

771.66 

7763.66 

76,77 

74.44 

54,74 

76.36 

irfi.fi? 

If.), 46 

776.66 

7767.66 

76,74 

74.f5 

54,76 

75.67 

jrT.,w 

Jf.J.TP 

TP..f.J 

771.66 

7764.66 

76.74 

74.77 

54,66 

76,46 

Kfl.flf! 

ip.np 

Tfi,<)?  - 

776.76 

7767,66 

76.77 

74,76 

54.(.7 

76,56 

Ifs^P? 

JfJ-.T 

T?,W 

777.76 

776(,.66 

76.(6 

74.46 

54,33 

76.(7 

JTfi.fl? 

776.46 

7764,66 

76,(7 

73.65 

54.37 

75.76 

i7r..» 

ira» 

T!4,T 

776.(6 

776(..66 

T,(7 

7r..77 

54.37 

75,36 

1W.Pfi 

1T,4fi 

r4!r.,fif. 

777.(6 

7764.66 

76.(6 

74.T 

54.33 

76.67 

THE  RUERRGE  FLOW  IS:  36.7351  GPM 
THE  RUERRGE  SPEED  IS:  2763.19  RPM 
THE  RiJERRGE  TORQUE  IS:  329.637  IN-LB 


-  TT- 
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THREE  HOUR  PERFORMftHCE  TEST 
COHTIHUflTION  FOR  PUMP  M1468'..E 


THE  flUERRGE  DIFFEREHTIflL  PRESSURE  IS:  591.424  PS ID 


THE  STRHDflRD  DE'JIRTIOH  OF  THE*. 

MERSURED  FLOW  IS:  .104437  GPM 
MERSURED  SPEED  IS:  6.06095  RPM 
MERSURED  TOROUE  IS:  5.16223  IN-LB 
DIFFEREHTIRL  PRESSURE  IS:  6.61379  PSID 


THE  MRK.  OUER  RLL  EFFICIENCV  IS:  75.7098 
THE  MIN.  OUER  RLL  EFFICIENCV  IS:  74.3335 
THE  RUERRGE  OUER  ALL  EFFICIENCV  IS:  75.001 

THE  MAX.  UOLUMETRIC  EFFICIENCV  IS:  95.1249 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS  94.5157 
THE  RUERRGE  UOLUMETERIC  EFFICIENCV  IS  94.8182 

THE  MAX.  NECHRNICRL  EFFICIE^CrV  IS  79.9159 
THE  MIN.  MECHANICAL  EFFICIENCV  IS  73.3968 
THE  R'.'ERRGE  MECHANICAL  EFFICIENCV  IS  79.0869 
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THREE  HOUR  PERFORMRNCE  TEST 


PUMP  NUMBER  MMBSpRUN  RT  RATED  PRESSURE  RND  SPEED 


rttrin 

5133  irrrp. 

TffMir 

‘HTD 

new 

wnRfii 

w  nr 

TTMT-'T) 

3313) 

mi5 

Rftl 

(TN 

nro;) 

<X) 

affi 

1i'/!."6 

354.37. 

375.56 

7767.66 

3)  ,65 

73..7fi 

(5.53 

aa* 

1u3,66 

373,73 

331,46 

7767.66 

31.63. 

75.57 

(5.(5 

lafi? 

135.56 

3fi5,53; 

337,46 

7767.66 

31.61 

73..  64 

55.71 

13.66 

135, '6 

366,5) 

337.56 

7763..66 

31.16 

73..  75 

55.(!4 

76.66 

135,46 

3317,67 

334.66 

;'7ff..66 

31.63. 

75.43. 

55.74 

73,66 

136,  <6 

3f!7,75 

337.76 

VMM 

31.11 

73..  64 

55.64 

36,  a- 

hM,36 

f66,55 

333.66 

7765.66 

31.13 

73..  73. 

55.63 

33,  a 

157,16 

366.54 

337.76 

77631.66 

31.65 

73..  45 

55,64 

46,  a3 

la.w 

366.76 

333..76 

7765.66 

31.16 

75.41 

55.73 

43,66 

136.56 

366,  f^3 

333,66 

7767.66 

31  .a 

73..61 

55.57 

36,66 

137,76 

363,75 

334.76 

7765.66 

31.65 

73..  74 

55,76 

3ri,a 

137,46 

366,44 

333.36 

7765.66 

31,11 

73..» 

53..  73. 

('6.  a 

137,56 

366,51 

337,56 

7767.66 

31,65 

73.,75 

55.76 

fs3.a 

135.36 

367.36 

334.56 

7765.66 

31.13 

73.,64 

55,63 

76.66 

trfi.  16 

3a,65 

333..  66 

7767.66 

31,16 

75,71 

55,a 

73,66 

)3f!,56 

366.43 

334.36 

7765,66 

31,11 

75.75 

55.77 

66.66 

1f6,46 

366,36 

333,66 

7765,66 

31.65 

73..  a 

55.3.7 

fr..a 

K.1,?6 

365.51 

337.36 

7763v66 

31,63 

75.5? 

55,3? 

56.  a 

K.1,56 

3<fi3.,6) 

337.36 

7716.66 

31.16 

75.3.1 

55.3.5 

53,a 

ia,46 

366,63. 

334.76 

7765.66 

.36,57 

75.5? 

55.35 

166,66 

ia,f6 

3317,34 

333.,66 

7765.66 

31, 6f. 

74,% 

55,36 

)6f.,66 

If?,  36 

366.53. 

333.56 

7765.66 

36,57 

75,33. 

55,33 

116.66 

1f6.?6 

3315.46 

333.76 

7767.66 

36,53 

75.57 

55.77 

113.a 

136,76 

3a,  77 

334,56 

7765,66 

»,55 

75.3.7 

55.41 

176.67 

137,36 

361.33. 

337.76 

7765.66 

31, a 

75,11 

55,51 

173,  a 

137,46 

fa,44 

334,46 

7765.66 

31,61 

75,a 

55.45 

136.66 

137,76 

355.3s3 

33r.,?6 

77)6,66 

36,55 

75,71 

55.35 

133,66 

135,36 

361.331 

334.46 

7765.66 

36,57 

75,35 

55.y. 

146,66 

135,76 

364.a 

333,46 

77)6.66 

3),6R 

73.,  77 

55..  47 

143,66 

)3f;,46 

355,73 

334.46 

7765.66 

36.5r. 

75,77 

55.73. 

)36,a 

)3f;,56 

33)5.35 

334.(6 

7765,66 

36. 5f. 

75.73 

55,36 

I33,a 

)f6,f6 

363.11 

333.36 

7765.66 

36,53 

75.5) 

55,73 

)66,a 

lf.1.76 

33)f.,41  • 

333.46 

7765.66 

36, 5r. 

75.17 

55.31 

1fs3,66 

)f.I.f6 

361,51 

334.76 

77)6.66 

36,X 

75.33. 

55,76 

176,66 

lf?,?6 

33)5,53 

337.46 

7765.66 

36,57 

75.73 

55^34 

173,66 

1f?,f6 

361,35 

333.,  56 

77)1.66 

36.W 

75.13 

55,14 

THE  RUERflGE  FLOW  ISs  31.0313  GPM 
THE  RUERRGE  SPEED  IS*  2707.78  RPM 
THE  R'-^ERRGE  TORQUE  ISJ  333.789  IN-LB 
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(rnirrr 

(‘4> 

75.47 

75.?r. 

75.43 

75.rf; 

7t!.f!J 

75.33 

75.rf. 

75,7r. 

7B.77 

75.n? 

75.fH*'. 

75.33 
75.35 

75.34 
75,» 
75.JJ 
75.r« 
75.3f! 
75.W 
75,  Jf. 
75.46 
75.3f. 

75.35 

75.36 
75,fJ- 
75.4? 
TR.fif. 
75.3) 
75,» 
75.66 
75.53 
75,76 
75.5f. 
75.35 
75.4? 
7^.53 


THREE  HOUR  PERFORMRNCE  TEST 
COHTINLIftTIOH  FOR  PUMP  M1468'f 


THE  RUERHGE  DIFFEREb4TIflL  PRESSURE  IS:  600.083  PS  ID 


THE  STRMDfiRD  DEUIRTIOH  OF  THE: 

MERSURED  FLOW  IS:  .170904  GPM 
MERSURED  SPEED  IS:  5.93671  RPM 
MERSURED  TORQUE  IS:  3.91295  IH-LB 
DIFFEREHTIRL  PRESSURE  IS:  5.9736  PSID 


THE  MRX.  OUER  ALL  EFFICIENCV  IS:  76.4468 
THE  MIN.  OUER  ALL  EFFICIENCV  IS:  74.9639 
THE  RUERRGE  OUER  ALL  EFFICIENCV  IS:  75.759 

THE  MRK.  UOLUMETRIC  EFFICIENCV  IS:  95.9272 
THE  MIN.  UOLUMETRIC  EFFICIENCV  IS  95.1443 
THE  RUERAGE  UOLUMETERIC  EFFICIENCV  IS  95.5695 

THE  MAX.  MECHANICAL  EFFICIENCV  IS  79.8768 
THE  MIN.  MECHANICAL  EFFICIENCV  IS  73.4019 
THE  RUERAGE  MECHANICAL  EFFICIENCV  IS  79.2581 


-79 


APPENDIX  F 

TABULATED  AND  GRAPHICAL  DATA  FROM  POWER  CONVERSION  TEST 


9/- 


POWER  COHUERSIOH  TEST 

PUMP  HUMBER  M1468JK  RUM  AT  160  DEGREES  <F'j  INLET  TEMP 
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POWER  CONUERSIOH  TEST 

PUMP  HUMBER  M 1468ft RUN  RT  160  DEGREES  <F;)  INLET  TEMP. 
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THE  MftX.  OUER  ALL  EFFICIENCV  IS:  78.5804 
THE  MIN.  OUER  ALL  EFFICIENCV  IS:  37.6988 
THE  MAX.  SIMPLE  DISPLACEMENT  IS:  2.67643 


POWER  COHUERSIOH  TEST 

PUMP  MUMBER  M1468e  RUN  ftT  166  DEGREES  INLET  TEMP. 
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THE  MRX.  OUER  RLL  EFFICIEHCV  IS:  79.7636 
THE  MIN.  OUER  RLL  EFFICIENCV  IS:  40.9456 
THE  MRX.  SIMPLE  DISPLRCEMENT  IS:  2.66235 
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APPENDIX  G 

Tabulated  Gravimetric  Data 


GRAVIMETRIC  ARALYSIS 


The  graviinetric  analysis  was  done  to  determine  the  mass  of  the  solid  contaminants 
(larger  than  0.415  micrometer)  in  selected  oil  samples  from  the  test  pumps.  Samples 
with  relatively  high  particle  count  results  were  chosen.  Results  are  reported 
in  milligrams  of  contaminant  per  liter  of  sample  oil. 

Millipore  filter  patches  (size  0.45  micron)  were  used  to  collect  the  solid 
contaminants.  An  analytical  balance  with  readability  of  0.1  milligram  was 
used  to  make  mass  determinations.  A  millipore  filter  patch  apparatus  cleaned 
in  accordance  with  NFPA/T2.9.2r+-1972,  ANSI/B93. 2014-1972  (R1980),  IS03722 
methods  was  used  to  filter  the  oil  samples  through  the  patches.  Filtered  freon 
was  used  to  remove  the  oil  from  the  patches  so  that  only  the  solid  contaminant 
remained  on  the  patch. 

The  gravimetric  level  of  the  samples  should  correspond  to  the  particle  count 
results. 


GRAVIMETRIC  FILTER  PATCH  ANALYSIS 


The  gravimetric  filter  patch  data  from  pumps  468C,  468D  and  468E  has  been 
deleted  from  this  report  due  to  reasons  listed  below.  After  a  couple  of 
filter  patches  were  analyzed  from  each  pump,  the  weight  of  contaminant  was 
found  to  be  very  low,  in  the  range  of  .2  to  .3  mg  of  contaminant.  The  range 
of  contaminant  weight  seem  to  correlate  with  the  low  particle  counts  on  the 
samples  from  pumps  468C,  468D  and  468E.  This  also  correlated  with  the 
ferrogram  results.  The  ferrogram  results  were  not  recorded  in  this  report 
for  the  same  above  mentioned  reason.  Therefore,  pages  94-97  were  omitted 
from  the  report. 


APPENDIX  H 

Tabulated  X-Ray  Emmission  Data 


Pages  94  thru  97  were  Intentionally  left 
blank  per  Mr,  Son  Nguyen*  ABRDC 
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FILTER  PATCHES 
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elements  energy  level. _ 


COMMENTS  Anode  Status:  20ua;  35kv 


50  micron  vacuum 


200  sec.  run  time 
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7t*j  NONDESTRUCTIVE:  X-RAY  EMMISSION  ANALYSIS 

_  OF  01 L  SAMPLES _ 
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description  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. _ _  _______ 
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50  micron  vacuum _ 


200  sec.  run  time 
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FILTER  PATCHES 


DESCRlf’TIOil  Data  taken  is  count  rate  corresponding  to 
el ements  energy  level. _ 
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_ _ _ _ INSTRUMENTATION 

COMMENTS  Anode  Status:  20ua;  35kv _ ORTEC  TEFA 

_ 50  micron  vacuum _  MODEL  6110 


FLUID  POWCn  lUSTITUTC 
lliLWAU»:CC  SCHOOL  OF  CrWINKRlMO 


7|  .j  NONDESTRUCTIVE;  X-RAY  EMMISSION  ANALYSIS 

_  OF  01 L  SAMPLES _ _ _ 

FILTER  PATCHES _ 

i)£SCRIi’TIOil  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. 

COtlitEIlTS  Anode  Status:  20ua;  3Skv 

50  micron  vacuum _ 
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MODEL  6110 
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71.J  NONDESTRUCTIVE:  X-RAY  EMMISStON  ANALYSIS 

_  OF  OIL  SAMPLES _ 

FILTER  PATCHES _ 

lj£SCRI<*TIOi<  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. _ 

COMMENTS  Anode  Status:  20ua;  35kv 

50  micron  vacuum _ 


100  sec.  run  time 
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j  NONDESTRUCTIVE:  X-RAY  EMMISSION  ANALYSIS 
OF  OIL  SAMPLES  _ 


FILTER  PATCHES 
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4-18-83 
B.  Batley 


description  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. _ 
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TLUIO  POWCR  IMSTITUTC 
I11LVIAU»:CC  SCHOOL  OF  CtJOINEERIUO 


I 


I 


.j  NONDESTRUCTIVE:  X-RAY  EMMISSION  ANALYSIS 
OF  OIL  SAMPLES  _ 


FILTER  PATCHES 


DESCRI^’TIOH  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. _ 


PROJECT  NO. 

DATE 

TECHNICIAN 


Pump  #468F 
5-6-83 
B.  Batley 


fluid  rowcn  iustitute 

IULWAUKCC  SCItOftL  OF  C:if.IMEERIMr. 


( 


M 


NONDESTRUCTIVE:  X-RAY  EMMISSION  ANALYSIS 
OF  OIL  SAMPLES  _ 


FILTER  PATCHES 


i)£SCRI^TIOil  Data  taken  is  count  rate  corresponding  to 
elements  energy  level. _ 


comments  Anode  Status:  20ua;  35kv 


50  micron  vacuum 


PROJECT  NO. 

DATE 

TECHNICIAN 


Pump  #468 F 


5-7-83 


B.  Batley 


INSTRUMENTATION 
ORTEC  TEFA 


MODEL  6110 


PHOTOS  OF  PUMP  WEAR  ANALYSIS 


Analvsis  of  Pump  #468A 


This  pump  was  run  at  2999.6  psid  for  the  three  hour  break-in  test;  pumping 
an  average  flowrate  of  25.3  gpm  @  2705.9  rpm.  Average  break-in  efficiencies 
for  this  pump  were:  volumetric  -  78%,  mechanical  -  92.6%,  and  an  overall 
of  72.2%.  While  running  on  the  wear  test  the  pump  started  at  29.1  gpm  @  1209  psid 
and  finished  at  22.0  gpm  P  4795  psid.  This  pump  had  no  catastrophic  failures 
while  running  in  the  wear  test;  however,  upon  disassembling  it  was  seen  that 
the  wear  plates  showed  considerable  wear. 
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ANALYSIS  OF  PUMP  #468A  CONTINUED 


Above  -  Overall  view  of  the  disassembled  internal 
pump  parts. 


Above  -  Pitting  is  shown  in  the  cam  ring  near 
the  pressure  section. 
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ANALYSIS  OF  PUMP  #468A  CONTINUED 


Left  -  Rotor  showing  some  wear 
marks  on  the  top  and  circumferential 
face.  There  was  also  some  bronze 
buildup  on  the  top. 


Right  -  Some  wear  on  the  small 
intra-vane  and  leading  edge  of  the 
main  vane  can  be  seen. 


ANALYSIS  OF  PUMP  i»468A  CONTINUED 


Left  -  Shown  is  the  pump  inlet 
end  wear  plate  showing  grooves 
and  pitting. 


Above  -  Left,  is  the  bronze  bearing  in  the  inlet  support 
plate  showing  very  much  wear.  Right,  is  the  shaft  end 
bronze  bearing  mating  surface  with  excessive  wear. 


-//6- 


PHOTOS  OF  PUMP  WEAR  ANALYSIS 
Analysis  of  Pump  #468B 


This  pump  was  run  at  2992.6  psid  (ave.)  for  the  three  hour  break-in  test; 
pumping  an  average  flowrate  of  25.3  gpm  @  2713.7  rpm.  Average  break-in 
efficiencies  for  this  pump  were:  volumetric  -  77.7%,  mechanical  -  93.3%, 
and  an  overall  of  72.5%.  While  running  on  the  test  stand  the  pump  started 
at  27.8  gpm  @  1243  psid  and  ended  at  20.6  gpm  @  4929  psid.  There  were  no 
catastrophic  failures  in  this  pump  however  the  wear  plates  did  shw  considerable 
wear,  of  which  some  of  the  bronze  was  transferred  to  the  rotor;  this  can  be  seen 
in  the  following  photos. 
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ANALYSIS  OF  PUMP  I468B  CONTINUED 


Left  -  Cam  ring  showing  no  signs 
of  excessive  wear. 


Right  -  Both  vane  pieces  showing 
noticeable  wear  on  the  leading  edge 
of  the  main  vane  and  light  wear  on 
the  intra-vane. 


Left  -  Overall  view  of  rotor 
showing  wear  marks  on  the 
circumferential  surface;  and  bronze 
build-up  on  the  top. 


ANALYSIS  OF  PUMP  #468B  CONTINUED 


Left  -  Closeup  up  of  rotor  top;  the 
dark  and  bright  areas  circled  are  bronze 
buildup  off  of  the  v/ear  plates. 


Above  -  The  bottom  side  of  rotor  showing  bronze  buildup 
from  the  wear  plates. 


ANALYSIS  OF  PUMP  M68B  CONTINUED 


Left  -  Pump  shaft  end  wear 
plates  showing  light  wear  grooves 
and  surface  wear  (shiny  areas). 


Right  -  Pump  inlet  end  wear  plate 
showing  deep  and  numerous  grooves 
with  pitting. 


Above  -  Pump  shaft  bearing  surface  for 
bronze  bearing  and  bearing  in  the  inlet 
support  plate.  Some  wear  is  shown  on  both 
surfaces. 
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PHOTOS  OF  PUMP  WEAR  ANALYSIS 
Analysis  of  Pump  j|f468C 


This  pump  was  run  at  3003.5  psid  for  the  three  hour  break-in  test;  pumping 
an  average  flowrate  of  26.5  gpm  @  2725.4  rpm.  Average  break-in  efficiencies  for 
this  pump  were:  volumetric  -  81.8%,  mechanical  -  92.8%,  and  an  overall  of 
75.3%.  While  running  on  the  wear  test  the  pump  started  at  29.3  gpm  9  1230 
psid  and  ended  at  24.6  gpm  @  4430  psid.  There  were  no  catastrophic  failures 
in  this  pump,  however,  the  wear  plates  did  show  considerable  wear. 


ANALYSIS  OF  PUMP  #468C  CONTINUED 


Left  -  Overall  view  of  disassembled 
pump. 


Right  -  Photo  of  cam  ring 
showing  no  signs  of  excessive 
wear. 


Above  -  Photos  showing  wear  lines  and  wear  on  leading 
edge  of  vanes. 


ANALYSIS  OF  PUMP  #468C  CONTINUED 


Left  -  Rotor  with  wear  rings  on 
the  circumferential  face  and  bronze 
buildup  on  the  top.  (The  dark 
areas). 


Above  -  Arrow  points  to  bronze  particles  on  rotor  top. 
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ANALYS I S  OF  PUMP  #468C  CONTINUED 


Left  -  Bronze  bearing  Inlet 
support  plate  showing  grooves 
by  wear 

9 


Right  -  Shaft  end  bronze  bearing 
mating  surface  with  wear  ring; 
no  grooves  noticeable  to  touch. 


PHOTOS  OF  PUMP  WEAR  ANALYSIS 


Analysis  of  Pump  #4680 


This  pump  was  run  at  594.8  psid  for  the  three  hour  break-in  test;  pumping  an 
average  flowrate  of  30.5  gpm  @  2702.9  rpm.  Average  break-in  efficiencies 
for  this  pump  were:  volumetric  -  94.1*,  mechanical  -  79.4*,  and  an  overall 
of  74.8*.  While  running  on  the  wear  test  setup  the  pump  started  at  29.0  gpm 
@  1241  psid  and  ended  at  22.2  gpm  @  4659  psid.  This  pump  experienced  no 
catastrophic  failures. 


ANALYSIS  OF  PUMP  #4600  CONTINUED 


Above  -  Pump  shaft  bearing  surface  for  bronze  bearing  and 
bearing  in  the  inlet  support  plate.  Some  wear  is  shown  on 
both  surfaces. 


ANALYS IS  OF  PUMP  #4680  CONTINUED 


Right  -  Rotor  showing  wear  markings 
on  the  circumferential  face,  and 
light  wear  on  the  side. 


Above  -  Pump  shaft  end  wear  plate  showing 
light  wear  patterns. 
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PHOTOS  OF  PUMP  WEAR  ANALYSIS 
Analysis  of  Pump  #468 E 

This  pump  was  run  at  591.4  psid  for  the  three  hour  brealf-in  test;  pumping 
an  average  flowrate  of  30.7  gpm  @  2703.2  rpn.  Average  break-in  efficiencies 
for  this  pump  were:  volumetric  -  94.8%,  mechanical  -79%,  and  an  overall 
of  75%.  While  running  on  the  wear  test  the  pump  started  at  28.8  gpm  @ 

1245  psid  and  ended  at  27.2  gpm  @  4444  psid.  The  reason  that  this  pump 
was  not  run  up  to  5000  psid  was  that  the  test  stand  shut  down  unexpectedly. 
The  super  charge  pump  then  caused  the  test  pump's  shaft  seal  to  blow  out; 
due  to  this  the  pump  was  pulled  and  disassembled. 


i 

i 

i 

I 

I 

I 

i 

'  /30^ 


f 


ANALYS IS  OF  PUMP  #468E  CONTINUED 


ANALYS IS  OF  PUMP  #468E  CONTINUED 


Right  -  Pump  inlet  end  wear  plate 
with  a  large  number  of  deep  grooves 
and  pi  tti  ng . 


Above  -  Left,  is  the  bronze  bearing  in  the 
inlet  support  plate  showing  very  much  wear. 
Right,  is  the  shaft  end  bronze  bearing  mating 
surface  with  excessive  wear. 
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PHOTOS  OF  PUMP  WEAR  ANALYSIS 
Analysis  of  Pump  #468F 


This  pump  was  run  at  600  psid  for  the  three  hour  break-in  test;  pumping  an 
average  flowrate  of  31.0  gpm  @  2707.8  rpm.  Average  break-in  efficiencies 
for  this  pump  were:  volumetric  -  95.6  %,  mechanical  -  79.3%,  and  an  overall 
of  75.8%.  While  running  the  wear  test  the  pump  started  at  29.6  gpm  @  1388  psid 
and  ended  at  25.86  gpm  @  4956  psid.  This  pump  experienced  a  break  in  the 
cam  ring. 


ANALYSIS  OF  PUMP  #468F  CONTINUED 


Left  -  Cam  ring  inlet  section 
showing  a  crack  going  all  the  way 
through  the  ring;  and  some 
cavitation  marks  to  the  left  of 
the  inlet  passage. 


Above  -  Left,  shown  is  some  wear  on  the  main  vane 
and  intra-vane,  center;  wear  experience  on  the  leading 
edge  of  the  vane,  right;  shown  is  some  wear  on  the 
main  vane  and  intra-vane. 


ANALYSIS  OF  PUMP  #468F  CONTINUED 


Above  -  Pump  shaft  end  wear  plate  shovn'ng  wear 
patterns  (light  and  dark  areas)  and  some  small 
grooves . 
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ANALYSIS  OF  PUMP  f^468F  CONTINUED 


Above  -  Pump  inlet  end  wear  plate  showing 
wear  patterns  (light  and  dark  areas)  and 
some  small  grooves. 


Above  -  Pump  shaft  bearing  surface  for  bronze 
bearing  and  bearing  in  the  inlet  support  plate. 
Some  wear  is  shown  on  both  surfaces. 


Samples  from  the  outlets  #73  to  #167  wear  much  cleaner 


than  the  earlier  samples.  The  amount  of  rubbing  wear  was  also  lower. 

The  increase  in  spheres  was  probably  from  the  metal  melting  off  the 
vanes  instead  of  rubbing  off. 

we  were  unable  to  do  the  ferrograph  DR  on  samples  #137  to 
#167  due  to  mechanical  problems.  Ferrograms  were  done  on  samples 
#123  and  !153  using  much  larger  volumes  than  normal  (10-30ml  compaired 
to  the  normal  3ml)  .  The  results  were  an  increase  in  the  large  particles 
and  cutting  wear  with  some  brass  not  picked  up  in  the  normal  sample. 

There  was  also  an  increase  in  the  non-ferrous  wear  down  around  40-20mm. 


I3S> 
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micron  size  5  10  20 

count  1106  231  33 


ferrograph  DR  L/S 
5. 5/3. 4 

spectro  Fe  Cu  A1  Si 
ppm  6  4  3  6 


ferrogram; 

few  chunks  and  spheres 


40  0  X 


If  37  AffFR  3  Hr  RUN 


micron  size  5  10  20  30 

count  545  106  IB  6 


ferrofjrnph  DR  L/S 

5. 1/3. 5 

spectre  Fe  Cu  A1  Si 
ppm  6  5  3  7 

ferrogram; 

few  chunks  and  very  few  spheres 


count. 


12370  2622  416  129 


12.B/3.2 


fprroqram;  sand,  D-M-0.  sphotps,  chunks 
atid  latqp  tiihbinq  wear 


s|)Pcf»o  fp  Cii  A1  Si 
ppm  6  6  3  B 


micron  size  5  10  20  30 

count  973  18^  30  11 

ferrotjraph  OR  L/5 

3. 7/1.8 

spectro  re  Cu  /II  Si 

p|mi  6  5  3  7 

ferrogram;  cleaner  than  •^39,  moderate 
chunks  few  spheres. 


micron  size  5  10  20  30 

count  014  162  30  9 

ferrograph  DR  L/S 

5. 1/1.5 

spectro  Fe  Cu  A1  Si 

ppm  6  5  3  6 

ferrograin;  few  chunks,  some  non-ferrous, 
marginal  amount  of  severe  wear. 
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#47  1400psi  IHr. 


micron  size  5 

10 

20 

30 

count  327 

101 

37 

21 

ferroqraph  DR  L/S 

4.6/2. 7 

spectro  Fe  Cu 

A1  Si 

ppm  5  4 

0  5 

ferrogram;  normal,  few  small  spheres. 


?llr. 


micron  size  5  10  20  30 

count  237  57  12  5 

ferrograph  DR  L/S 
4. 1/2.5 

spectro  Fe  Cu  A1  Si 

ppm  4  4  0  22 

ferrogram;  few  small  spheres  and  some  tempered 
cutting  wear,  other  wise  normal. 


#51  I400ps1  3Hr. 


micron  size  5  10  20  30 

count  283  65  10  2 

ferrograpii  DR  L/S 
4. 5/2. 5 

spectro  Fe  Cu  A1  Si 

ppm  4  3  0  18 

ferrogram;  normal . 
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m  1600psi  lUr. 


micron  size  5  10  20  30 

count  26559  6544  1028  298 

ferrograph  OR  L/S 
8. 3/2.2 

spectro  Fe  Cu  A1  Si 

ppm  5  5  3  49 

ferrogram;  heavy  crystalline  contamination,  heavy 
spheres,  moderate  chunks  and  cutting  wear.  Large 
flakes  of  brass,  moderate. 
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brass  flakes 


40dx 


1  0  Ox 


w  ,s-  . 
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W'''*oC.Si 

3NE!M?A.JIfeK  *-•  ' 


micron  size  5  10  20  30 

count  1238  327  59  18 

ferrograph  OR  L/S 

3. 2/2.0 

spectro  Te  Cu  A1  Si 

ppm  5  3  0  9 

ferrogram;few  crystalline  particles,  some  spheres, 
much  cleaner  than  <^53.  sample  is  normal 


I 


»‘j/  lt)()t)|tbi  3llr. 
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microns  size  5  10  20  30 

ount  1070  287  53  17 

terrograph  DR  L/S 
4. 8/2. 2 

apectro  Fe  Cu  A1  Si 

Ppm  4  3  2  6 

arrogram;  normal,  little  debris,  spheres 
chunks,  very  little  cutting  wear. 


I 
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micron  size  5  10  20  30 

count  883  218  36  11 

ferrograph  DR  L/S 
3. 6/2. 2 

spectro  Te  Cu  A1  Si 

ppm  5  3  0  7 

ferrogram;  mostly  normal,  few  chunks  and  few  non- 
ferrous  particles  up  to  20  microns.  Same  particl 
were  in  the  inlet  sample  but  larger,  200 
microns . 


K  61  leOOpsi  5Hr. 


micron  size  5  10  20  30 

count  1155  283  49  18 

ferrograph  DR  L/S 
3. 7/2.0 

spectro  Fe  Cu  A1  Si 

ppm  5  3  0  8 

ferrogram;  normal,  just  small  rubbing  wear 


#63  laOOpsi  IHr. 


micron  size  5  10  20  30 

count  506  155  36  11 

ferrograph  DR  L/S 
3. 4/2.0 

spectro  Fe  Cu  A1  Si 

ppm  .  4  3  0  5 


ferrogram;  normal,  some  debris. 


micron  size  5  10  20  30 
count  726  192  36  10 


ferrograph  DR  L/S 

2. 8/1. 6 

spectro  Fe  Cu  A1  Si 
ppm  5  3  0  6 

ferrogram;  normal,  some  debris  and  very 
few  chunks. 


#67  laOOpsi  3Hr. 


micron  size  5  10  20  30 

count  2420  614  93  26 

ferrograph  DR  L/S 
3. 7/2. 5 

spectro  Fe  Cu  A1  Si 

ppm  4  3  0  7 

ferrogram;  mostly  normal,  few  larger  than  normal 
rubbing  wear  and  square. 
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#69  2000ps1  IHr. 


I 

i  . 

4 

I  micron  size  5  10  20  30 

count  576  176  36  14 

r 

j  ferrograph  DR  L/S 

3. 7/2.3 

I  spectro  Fe  Cu  A1  Si 

'  ppm  5  3  0  7 

j  ferrogram;  normal. 

} 
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!  171  2000ps1  2Hr. 

! 


I 


r 


r  mi  cron  size  5  10  20  30 

count  860  252  42  14 


f 

f 

r 

r 

I 


ferrograph  DR  L/S 
2. 3/1. 7 

spectro  Fe  Cu  A1  Si 
ppm  6  4  0  9 

ferrogram;  normal  some  crystalline  particles. 


/j'r 


Summery  of  the  outlet  samples  from  pump  468F.  The  Inlet  samples  were 
for  the  most  part  normal.  There  were  some  that  had  some  larger  wear  particles, 
but  these  were  few. 
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*73  ?000psi  IHt 

micron  size  fi.A. 

spectro  fc  Cu  A1 

3i 

ppm  443 

8 

fpr-ioqtaph  DR  L/S 

5, 2/1. 9 

iorrograni;  normal 

rubbing  v/car  with  heavy 

amount  of  spheres. 

some  large. 

1  leox 

*75  2000  psi  2llr-, 

1 

% 

'  ' 

micron  size  5  10 

20 

30 

2598  662 

128 

35 

ferroqraph  DR  L/S 

■  jk' 

5.3/2. 1 

i  ■  _ 

spectro  fe  Cu  A1  Si 

ppm  4  4  3  13 

ferronram;  normal  rubbing 

wear  with 

heavy  amniint  of  smal 

I  spheres. 

mil  rntis  '.i/f  '■  10  ?0  ’,0 

‘.n  Il't  r/  H 

forr()()(  ii|ili  I'P  I  /', 

M  / 1  .  'I 

si«'rttn  f  f  (u  A I  Si 

|)|)iii  4  ?  1  7 

f ortnqr.iiii:  tiorni.il  nibhin^’  v/oar  v/ith  modprate 
aimnint  of  doln  is  and  hoavy  sphr-rps  y-l'jij. 


mi  cron  size  5  10  20  30 

448  134  34  9 

ferrograph  08  L/3 

4, 2/2. 4 

sppctro  fc  Cu  A1  Si 

ppm  4  2  3  5 

ferrograni;  noniial  but  a  little  larger  than 
normal  wear,  heavy  spheres. 


4  0  OX 


r» 


micron  size  5  10  ?0  30 

1?  ]‘i 


fpnoqraph  OR  I. 

spoctro  It’  f;u  A1  Si 
ppm  4  ?  3  7 

fprroqrani:  normal  (nbhirui  v/par  with  iieavy 
'ipherps,  mo'^t  ypt. 


micron  sizp  5  10  20  30 

141  37  7  3 


fprroqraph  DR  L/S 
3. 0/1. 7 


spectro  le  (,ti  A)  Si 
ppm  4  2  3  6 


ferrogram;  normal  rubbing  wear  with  some 
cutting  wear  ,  splieres  down  from  i=33 


nii*  rt)n  ‘i  10  JO 

IM  ?'>  11 


III’  I  /'. 

VI 

spoctro  Fo  ( ij  A1  Si 
ppm  ‘j  ?  3  b 

f ('rrofjCfim :  iKnuiril  ruhhirKi  w(.'fir  vn  1,0  a  fpv/ 
(um-f fMrniis  rhimks  somo  liras''^,  hoavy  spheres 
and  heavy  amount,  of  larne  flat  rrys.  debris. 


;^^(KI|)si  ?lh  . 


inirron  si/c  S  IM  '/()  K) 

^1(7  I  OP.  10 

((’t  *  n(|(  ,i|iti  DP  I  , 

! .7/1  .P 

spec  ltd  If'  (ji  A1  Si 

ppm  4  ?  3  6 

fprrogrtiiir  noniml  vimr  wi  tti  small  spheres. 


30 


4  0  0  X 


ferroqraph  DO  L/S 
/.f'/?.4 

spectro  Fc  Cii  A I  Si 
ppm  5  ?  ?  6 

ferrogram:  some  cutting  wear  with  moderate 
debris  and  spheres. 

l^l 


^91  2600psi  IHr. 


micron  size  5  10  20  30 

383  110  23  8 

ferrograph  OR  1/5 
2.9/0. 7 

spectro  Fe  Cu  A1  Si 

ppm  4  2  3  5 

ferrogram:  normal  rubbing  wear  with  some 
small  chunks,  spheres  the  same,  some  oxide. 


#93  2600psi  2Hr. 

micron  size  5  10  20  30 

277  90  15  6 

ferrograph  DR  L/S 
1.5/0. 9 

spectro  Fe  Cu  A1  Si 
ppm  5  2  3  7 

ferrogram:  normal  with  little  amount  of  spheres 


*95  260()ps)  3llr. 


micron  size  5  10  ?{)  30 

131  36  8  3 

ferrograph  OR  l./S 
9. 0/1. 6 

•^pectro  fe  Cu  A1  Si 

ppm  3  2  2  5 

ferrograni:  normal  wear  with  heavy  spiieres. 


400X 


l(>3 


1  0  0  OX 


i»')7  XHdOpsi  lllr 

niirton  sizo  f*  10  '/()  .10 

«0  ?(>  4  ? 

fprroqraph  DR  L/S 

3. 6/1. 8 

spectro  Fe  Cu  Al  Si 
ppm  4  2  3  6 

ferrogram;  nonnal  little  amount  of  spheres. 


micron  size  6  10  20  30 

17?  51  9  3 


ferrograph  DR  L/S 

2.8/1.? 


spectro  Fe  Cu  Al  Si 
ppm  6  ?  3  5 

ferrogram:  normal  simular  to 
«97 


#103  3000psi 

2Hr. 

micron  size 

20 

30 

80 

32  9 

3 

ferrograph 

OR 

L/S 

1. 

.5/0.8 

spectro  Fe 

Cu 

Al  Si 

ppm  4 

2 

3  7 

flOl  3000psi  IMr. 


ferrogram:  some  debris, 
normal  wear  with  some 
large  spheres. 


1  i  ^ 


fprroqraph  DR  L/S 

?.?/!. H 

'ipectro  Fe  Cn  f\]  Si 
ppm  4  2  3  6 

ferrograin:  sitmilar  to 


micron  ^ilzc  b  10  20  30 

47  IP  4  3 

forroqraph  DR  L/S 

3. 1/0.9 

spoctro  Fe  Cu  A1  Si 

ppm  4  2  3  6 


ferroqram:  normal  but  with 
little  cutting  wear. 


*109  30n0psi  lA 


fm' 


KW2  but  loss  debris. 


nOl  3000psi  4Hr. 


1 0  «  ^ 

* 


micron  size  5  /O  ^0 
2194  2601  074  878 

ferrograph  DR  L/S 

1. 2/1.0 

spectro  Fe  Cu  A1  Si 
ppm  4  2  3  7 


ferrogram:  normal  wear  with  some  small  sphere 
very  little  cu. 


micron  size  ‘j  10  10  ?(]  ?() 

7'M  j/i  s  5 

ferroqrapli  1)11  1/', 

5.H/4.7 

spec  too  If'  Cij  71)  Si 
ppm  4  ,3  ?  7 

ferroqram:  normal  wear  with  less  spheres  than  #113 


#117  3000psi  2R 


micron  size  5  5  10  10  20 

68  82  27  27  11 

ferrograph  DR  L/S  | 

N.A. 

spectro  Fe  Cu  A1  Si  j 

ppm  5  2  3  7 

ferrograrn:  simular  to  #115  ] 


110  3(ionpsi  38 


micron  size  5  5  10  10  20  20 

81  97  28  28  8  8 

ferrograph  DR  L/S 
P.6/ 1.5 


spectro  Fe  Cu  A1  Si 
ppm  5  2  3  7 

ferrograrn:  normal  wear  with  few  spheres,  some  large 


i,’l  iih 


mirron  si?*-  S  |(i  ](i 

83  104  jy  j/  T  q 

fprro(|mph  |)R  I-/'. 

1.3/1.? 

spectro  If?  Cu  A)  Si 

r>pin  4  2  3  8 

ferrocjrani .  noniial  worir  wil.h  rin  inc, rpiisf'  in  spheres. 


# 


^123  3200ps1  2Hr 


niicron  size  6  b  10  10  20 

50  59  21  21  5 

ferroqraph  OR  L/S 
2. 5/ 1.5 

spectre  fe  Cu  A1  Si 

ppm  4  2  3  6 

terroqram;  normal  wear, 
increase  in  amount  of  spheres 
f  roni  121. 


micron  size 


ferrograph 


5  5  10  10  20  20 

44  53  13  13  3  3 

DR  L/S 
1.6/0. 9 


spectro 


ppm 


Fe  Cu  A1  Si 
3  2  3  7 


\ 

i 


ferrogram;  normal  with  some  large  debris. 


«123  usiiu)  lOi'il  of  sample. 

4(J0X  at  40imii.  brass  was  not  seen  In  the  normal  sample 
of  3m  1  . 


) 


t 


n'cl  3400psi  L’llr 


micron  size  b  b  10  10  ?()  20 

37  bO  ')  9  2  2 


ferroqraph  DR  L/S 

2.2/1 .3 


spectro  Fe  Cu  A1  Si 
ppm  4  2  2  b 

ferroqram:  normal  wear  with  a  moderate  amount  of 
spheres,  increase  from  P  12b 


n29  3600psi  IHr. 


ai»-  I 

micron  size  5  5  10  10  20  20 

11(7  221  74  74  23  23 

ferroqraph  OR  L/S 
4. 0/2. 9 

spectro  Fe  Cu  A1  Si 
P[)m  4  2  2  6 

ferroqram:  normal  wear  decrease  in 
spheres. 

/^131  3600psi  2Mr. 


micron  size  5  5  10  10  20  20 

226  2C4  92  92  34  34 
ferrograph  DR  L/S 
b. 0/3.1 

spectro  Fe  Cu  A1  Si 
ppm  4  2  2  6 

ferrograir.:  few  large  wear  particles. 


qo 


lOdX 


micron  size  '>  ‘i  JO  10  ?n  20 

41  40  n  13  3  3 


fprrnf|ra()h  DU  1./^ 

1.2/0. 7 

spectro  fe  Cu  A I  Si 
ppm  4  2  3  6 

fprroqram:  very  clean 


micron  size  b  b  10  10  20  20 
187  222  75  75  16  16 

ferrograph  DR  L/S 
3. 1/2.4 

spectro  Fe  Cu  A1  Si 
ppm  4  2  2  6 

ferrogram:  some  larger  than  normal  wear,  some 
cutting  wear  with  non-ferrous  chunks,  moderate 
amount  of  debris. 


40  Ox 


*13/  JHOOpsi  2II»-. 


*139  3«OOp^i  3Hr. 


mi r roll  ■;i7o  i)  f)  1')  lo  20  20 

?m  Vk]  109  110  32  32 
f  on  (''|>  A(ih  DR  L/S 

spocf.on  fo  Cu  A I  i 

ppm  4  2  2  6 

fprr(H)rflm:  normal  v;oar,  cleaner  than  #137. 
few  spheres. 


•■^139  30'JOpsi  3Hr. 

mirron  size  5  5  10  10  20  20 

122  149  41  41  8  8 

ferrocpaph  DR  L/S 
M.A. 

spectro  Fe  Cu  A1  Si 
ppm  5  2  3  4 

ferrogram;  simular  to  *135,  larger  than  normal 
wear  with  a  moderate  amount  of  debris. 


n41  4000psi  lit). 


micron  size  5  b  IQ  10  20  20 
105  122  40  40  10  10 

ferroqraph  OR  L/S 
U.A. 

spectro  Fe  Cu  A I  bi 
ppm  4  2  3  7 

ferrogram:  normal  wear  with  very  few  spheres 


V  J 

riicron  size  5  5  10  10  20  20 

137  163  52  52  12  12 

fe)')oqraph  OR  L/S 
N.A. 


spectro  Fe  Cu  A1 
ppm  323 
fprrogram:  clean. 


)»145  4000psi  3Hr. 


Si 

5 

simular  to  ^141 


micron  size  5  5 

no  132 

ferrograph  DR  L/S 
N.A. 

spectro  Fe  Cu  A1  Si 
ppm  4  3  0  5 


#143  4000psi  2Hr. 


10  10  20  20 
36  36  6  6 


ferrogram:  clean,  normal  wear. 


i  /Mr 


micron  ';i?p 


^  s  10  10  /o  /o 

2b^  ?91  1(1/  in/  j/1  3/1 


spectro  Fe  Cu  A1  Si 
ppm  S  2  0  7 

ferrograph  UR  L/S 
N.A. 

ferrogram:  normal  wear  with  some  dcLri' 


4200psi  3Hr. 


"  '  j  micron  size  5  5  10  10  20  20 

I  336  390  144  145  37  37 

ferrograph  DR  L/S 
N.A. 

spectro  Fe  Cu  A1  Si 
ppm  4  2  0  7 

ferrogram:  normal  wear  with  some 
debris . 

«167  4200psi  4llr. 


leor 


micron  size  5  5  10  10  20  20 

135  158  57  57  15  15 

ferrograph  DR  L/S 
H.A. 

spectro  Fe  Cu  A1  Si 
ppm  3  2  0  5 

ferrogram:  normal  wear. 


micron  size  b  b  10  10  ?0  20 
301  3^9  rib  IJf  39  AO 

ferroqr.iph  OR  L/S 
N.A. 

spectro  Fe  Cu  A1  Si 
ppm  4  2  0  7 

ferroqram:  normal  wear 


#161  4400psi  2Hr. 

micron  size  5  5  10  10  20  20 

144  169  61  61  18  18 

ferrogrofMi  DR  L/S 
N.A. 

spectro  Fe  Cu  A1  Si 
ppm  4  2  0  7 

ferrogram:  mostly  normal  with  some  cutting  wear. 


10«* 


-l/lnOii-.  j  <11, ■, 


micron  sj/,.  >,  i,  ],)  jq 

1^/  l‘>()  '.1  bl  12  12 

fprro<i»fl()h  [)R  L/s 

N.A. 

sprctro  te  Cu  Al  Si 
t>l"'i  4  2  0  7 

ferroqram:  fairly  cinan,  normal  wear. 


i“165  4600psi  IHr 


tool 


miftfin  >ize  5  ‘j  10  10  20  20 

150  176  72  73  26  26 

ferrooratili  OR  L/S 
N.A, 

<;|'ectrn  f  e  Cu  Al  Si 
I'I'in  4  2  2  7 

ferroqram:  clean,  normal  wear 

ii67  4600usi2llr , 


"^9 


micron  size  5  5  10  10  20  20 

165  187  79  79  23  23 

ferrograph  DR  L/S 
N.A. 

spectro  Fe  Cu  Al  Si 
ppm  4  2  2  7 

ferrogram;  clean,  normal  wear. 


X. 


END 

DATE 

FILMED 

11-84 


